Abstract. A series of coordination polymers consisting of lanthanide Ln(III) with Ln = Eu and Tb, pyridine-3,5-dicarboxylate (3,5-dipic) and dimethylformamide (DMF) have been prepared under a solvothermal condition. Single crystal structure determination was succeeded for Tbcompound but not for Eu-compound due to its poor crystallinity. However, the structure of Eucompound is expected to be slightly different from that of Tb-compound. These compounds consist of three-dimensional networks of Ln(III) coordination polyhedra chains parallel to the ac plane. The Ln(III) coordination polyhedra are cross-linked by two 3,5-dipic molecules to form large hexagonal cages. DMF and H 2 O molecules exist in these cages. On thermal treatment of Eu-compound and Tb-compound, removal of DMF and H 2 O molecules from the cages was observed. The thermally treated Tb-compound and Eu-compound had a very large surface area. The thermal stability and fluorescent properties of these compounds are reported.
Introduction
Metal organic framework compounds have attracted much attention owing to the possibility of flexible design methodologies to construct porous frameworks with channels of a targeted size and shape. Especially, the lanthanide-based metal organic frameworks have drawn special attention due to their intriguing topological structure and potential applications, such as luminescence, magnetism, and gas separation among others [1] [2] [3] [4] [5] [6] .
Pyridinedicarboxylate ligands, such as 2,3-dipic, 2,4-dipic, 2,6-dipic, 3,4-dipic, and 3,5-dipic have been extensively used in many works since they have capabilities to form a wide range of interesting network topologies [7] [8] [9] [10] [11] . In this study, 3,5-dipic is selected because of expectation to form a highdimensional structure via bridging coordination [12] . As a result, Ln 2 (3,5-dipic) 3 (DMF) 2 nH 2 O with Ln = Eu and Tb was successfully synthesized. We here report their characteristics of structures, thermal stability behavior, and luminescent properties.
Experimental

Synthesis
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Characterization
Thermogravimetric analysis (TG) and differential thermal analysis (DTA) were carried out at a heating rate of 5ºC min -1 in air using a Seiko Denshi TG-DTA 6000. Specific surface area was obtained using a SHIMADZU Corporation micromeritics Tristar-3000. Photoluminescent properties were measured by a JASCO corporation FP-6000.
Result and discussion
Description of crystal structures
Single crystal structure determination was succeeded for Tb 2 (3,5-dipic) 3 (DMF) 2 8H 2 O. In this compound, a terbium(III) ion is coordinated by five monodentate 3,5-dipic molecules, one didentate 3,5-dipic molecule and one DMF molecule, forming an eight-folded coordination environment with seven carboxylic oxygen atoms and one amidic oxygen atom of a DMF molecule (figure 1(a) (p3)). Three-dimensional networks of Tb(III) coordination polyhedra chains are extended parallel to the ac plane. These chains form vertex shared TbO 8 polyhedra (figure 1(b) (p3)). Looking along a-axis, the Tb(III) coordination polyhedra are cross-linked by two 3,5-dipic molecules to form large hexagonal cages. DMF and H 2 O molecules exist in these cages (figure 1(c) (p3)). Since DMF and H 2 O are removed upon thermal treatment as shown later, the cages can provide places for gas absorption.
The crytstal structure of Eu 2 (3,5-dipic) 3 (DMF) 2 9H 2 O is similar to Tb 2 (3,5-dipic) 3 (DMF) 2 8H 2 O, but it seems to have a different coordination environment. In this structure, Eu(III) ion is coordinated by four monodentate 3,5-dipic molecules, two didentate 3,5-dipic molecules and one DMF molecule, forming a nine-folded coordination environment with seven carboxylic oxygen atoms and one amidic oxygen atom of a DMF molecule (figure 2(a) (p3)). There seems to be three-dimensional networks of Eu(III) coordination polyhedra chains parallel to the ac plane like Tb 2 (3,5-dipic) 3 (DMF) 2 8H 2 O although these chains are formed by edge-shared EuO 9 polyhedra (figure 2(b) and 2(c) (p3)). In addition, H 2 O in hexagonal cages forms clusters by hydrogen bonds. However, DMF and H 2 O in hexagonal cages are also removed by a thermal treatment and these cages can provide places for gas absorption.
Thermal stability and specific surface area measurement
The thermal stability of Tb-compound and Eu-compound has been investigated using TG-DTA and powder X-ray diffraction measurements as shown in figures 3 and 4 (p3). The TG measurements, performed from room temperature to 800ºC, show three types of major weight losses in the temperature range. The first weight loss initiated at about 30ºC, accompanied with a small endothermic heat, implying the elimination of water molecules. The second loss initiated at about 250 , also accompanied with a small endothermic heat, implying the elimination of DMF molecules. The highest temperature weight loss with an initiation temperature of 450ºC and an end temperature of 520ºC is attributed to the combustion of three 3,5-dipic molecules per unit formula. The weight loss from the nearly room temperature indicates that these compounds are unstable at room temperature and hygroscopic in air.
For the results of TG-DTA, it is expected that the heat treatment at between 250 and 500 allows H 2 O and DMF to eliminate from the hexagonal cages. Therefore, the condition for requiring the elimination was determined to heat at 300 for 30 min in vacuum. To make sure the possibility of reversible DMF intercalation into the hexagonal cages, thermally treated compounds were placed in DMF for 1 day.
The DMF intercalation behaviour is significantly different between Tb-compound and Eucompound. Eu-compound after the DMF intercalation had no change in the X-ray diffraction pattern and TG-DTA. However, X-ray diffraction patterns and TG-DTA results of Tb-compound after the DMF intercalation showed almost the same as those of the as-synthesized Tb-compound. This means that Tb-compound is able to repair its crystal structure by the reversible DMF absorption. Gas storage studies were preformed on Tb-compound and Eu-compound. No N 2 uptake was observed for as-synthesized compounds. However, for both compounds obtained after the thermal treatment, N 2 uptake was observed at 77 K. The absorption isotherms of Tb-compound and Eucompound show a reversible I type isotherms which is sometimes observed for microporous materials. The calculated surface areas of these compounds are 308.08m 2 /g for Eu-compound and 443.14m 2 /g for Tb-compound, respectively. 
Photoluminescent properties
Emission and excitation spectra measured at room temperature for the powder samples of Tb 2 (3,5-dipic) 3 Photoluminescent properties of thermal treated and DMF intercalated derivatives are quite different from those of the as-synthesized compounds. For Eu-compound, emission intensity decreased significantly after the thermal treatment. Since the thermal treated Eu-compound was not able to show DMF intercalation, emission intensity of the DMF intercalated Eu-compound had no change. On the other hand, the emission intensity of Tb-compound was similar to that of the as-synthesized compound and the excitation band was slightly shifted to a long-wavelength side. The excitation spectrum of the DMF intercalated Tb-compound is virtually identical to that of the as-synthesized Tb-compound since its crystal structure is repaired by the DMF intercalation. Therefore, the emission intensity is reversibly changed by the DMF desorption/adsorption. (3,5-dipic) 3 (DMF) 2 8H 2 O, which have 3D-framework structures, have been synthesized under solvothermal conditions. The thermally treated Tb-compound shows a reversible DMF desorption/ absorption behaviour, but Eu-compound does not show such behaviour. The DMF desorption/ absorption process also gives a significant influence to its luminescence properties, i.e., the excitation band of the desorped derivatives is shifted to a long-wavelength side, which corresponds to the -* transition of 3,5-dipic molecules. This behaviour may be applied to the development of functional materials with a sensing prove for DMF. 
